124 Sn + 124 Sn and 124 Ba + 124 Ba at different incident energies for different impact parameters is investigated by means of an isospin-dependent quantum molecular dynamics model. For the first time, it is found that the more neutron-rich system ( 124 Sn + 124 Sn) exhibits weaker squeeze-out flow. This isospin dependence of the squeeze-out flow is shown to mainly result from the isospin dependence of nucleon-nucleon cross-section and the symmetry energy.
The recent advance in radioactive nuclear beam (RNB) physics provides people a unique opportunity to investigate isospin effects in heavy-ion collisions (HICs) [1, 2] . Isospin effects on directed flow [3] [4] [5] , radial flow [6] and rotational flow [7] in HIC's at intermediate energies have been explored theoretically and/or experimentally, and it is indicated that the isospin dependence of nuclear collective flow may provide people some important information about the isospin-dependent nuclear EOS, particularly the symmetry energy, and the isospin-dependent in-medium N-N cross-section. The squeeze-out flow [8] is of special interest since it comes from the only direction where the nuclear matter might escape without being hindered by the presence of the cold spectator remnants and thus a less disturbed information on the matter of high density and temperature is expected. Therefore, it is very significant to explore isospin effects on the squeeze-out flow.
In this short note we report results of the first theoretical study on the squeeze-out flow from reactions of 124 Sn + 124 Sn and 124 Ba + 124 Ba at different energies for different impact parameters within the framework of an isospindependent quantum molecular dynamics (IDQMD) model which includes the symmetry energy, Coulomb interaction, isospin-dependent experimental N -N cross-sections, and particularly the isospin-dependent Pauli blocking [5, 9] . In the initialization process of the IDQMD model, the neutron and proton are distinguished from each other and meanwhile the nonphysical rotations in the initialized nuclei have been removed [7] . In the IDQMD model, the a e-mail: fszhang@ns.lzb.ac.cn nuclear mean field can be parameterized by
with ρ 0 the normal nuclear matter density (here is 0.16 fm −3 ); ρ, ρ n , and ρ p are the total, neutron, and proton interaction densities, respectively; τ z is the z-th component of the isospin degree of freedom, which equals 1 or −1 for neutrons or protons, respectively; C is the symmetry strength; V c is the Coulomb potential; and U Yuk is the finite range Yukawa (surface) potential which will vanish for infinite nuclear matter. The forms and parameters of eq. (1) can be found in ref. [6] . The IDQMD is different from the so-called IQMD (Isospin-QMD) model [10] [11] [12] by the Pauli blocking, the initialization process, and construction of fragment. Both IDQMD model and IQMD model are evolutional from QMD model [13] .This model has been used recently to explain successfully several phenomena in HIC's at intermediate energies, which depend on the isospin of the reaction system [5] [6] [7] 9, 14] . In the present calculations, the so-called soft EOS with an incompressibility of K = 200 MeV is used and the symmetry strength C = 32 MeV without particular consideration.
In the QMD model, the reaction plane is known a priori and it is defined as the x-z plane (the z-axis corresponds to the beam direction). The azimuthal angle with respect to the reaction plane can be written as
where P x and P y are the x-and y-components of nucleon momentum in the center-of-mass (c.m.) system. Many studies have shown that the azimuthal distribution in HICs can be fitted well by the Legendre polynomial up to the second order [15] , i.e.,
The coefficient a 1 represents the strength of the in-plane directed flow while a positive a 2 reflects the strength of the rotational collective motion (the azimuthal distribution peaks at φ = 0 • and ±180 • , simultaneously) and negative one (the azimuthal distribution peaks at φ = ±90
• ) the out-of-plane squeeze-out. For the mid-rapidity azimuthal distribution, the ratio R N ,
measures the strength of the squeeze-out flow in a quantitative way. A value R N > 1 corresponds to a preferential out-of-plane emission. It has been shown that R N depends on the transverse momenta of nucleons [16] and in the present study the normalized nucleon transverse momentum P t /P proj (where P t and P proj represent the transverse momenta of nucleon and the projectile momentum in the c.m. system, respectively) is limited to P t /P proj ≥ 0.5 for simplicity. Meanwhile, the mid-rapidity is defined as a narrow region around the c.m. rapidity by applying the con- fig. 1 that the R N value increases with increment of the incident energy and then saturate or decrease at higher incident energies, which is in agreement with the recent experimental results [17, 18] . The reduction of the R N value at higher incident energies is easy to understand by the shadowing effects of the cold nuclear matter surrounding the participant zone which decreases because the projectile spectators escape faster. A more interesting feature in fig. 1 is that the more neutron-rich system 124 Sn + 124 Sn displays systematically smaller R N values than the system 124 Ba + 124 Ba, which implies that there exists a strong isospin dependence of the squeeze-out flow, namely, the more neutron-rich system displays weaker squeeze-out flow. Meanwhile, one can find that the isospin dependence of the squeeze-out flow decreases as the incident energy increases, which may be due to the fact that the isospin dependence of the N-N cross-section disappears at higher incident energies.
In order to investigate further the isospin dependence of the squeeze-out flow, we show in fig. 2 the ratio R N as a function of impact parameter for reactions of 124 Sn + 124 Sn and 124 Ba + 124 Ba at 350 MeV/nucleon. The errors shown are the statistical errors resulting from the Legendre polynomial fits. Similarly, a strong isospin dependence of the squeeze-out flow is observed once again, namely, the more neutron-rich system 124 Sn + 124 Sn displays systematically smaller R N values than the system 124 Ba + 124 Ba at different impact parameters. In particular, this isospin dependence is more pronounced in semi-central collisions. In addition, it is indicated that the largest R N value is obtained at b = 6 fm, i.e., in semi-central collisions, which
